In China, the lack of comprehensive investigative on data on pavement performance within the design life of pavement hinders research on the changes in the performance of asphalt pavement. The combination of the Pavement-ME system (PME) and matter element analysis (MEA) can be advantageous in addressing the problem of traditional methods that yield inadequate data. Measured data for the rutting of a road section in the Shaanxi province was employed as the validation data in this study. The input parameter for PME was localized, and a decay model based on the predicted results of PME was established by the MEA method. The results indicate that the predicted results of rutting using PME show a "lagging" characteristic when compared with the measured data. Some optimization measures are employed to process the predicted results of PME and achieve a better fitting effect with the measured data. The predicted data for rutting can serve as essential data of the MEA method to study the decay tendency of the rutting of asphalt pavement in design life. A case study reveals that the rutting resistance of asphalt pavement will deteriorate from excellent to good, good to medium, medium to inferior, and inferior to bad in 13.8 months, 32.5 months, 43.8 months, and 55.2 months, respectively. The combination of PME and MEA is appropriate to evaluate rutting potential in project level pavements. A follow-up study can be carried out on the developing trend of the pavement damage, so as to better determine the maintenance time for the selected road section.
INTRODUCTION
In recent years, the highway mileage and construction schedule in China reached the leading level of the world. However, the pavement maintenance and management closely related to highway construction failed to advance with the times, thereby causing damage to the pavement like rutting, cracking, and so on (Zhou et al., 2014) . Typical pavement damage leads to a decreased performance of asphalt pavement. Efficient pavement maintenance and management could evidently reduce the damage incidence of asphalt pavement, and the key step of this task is to confirm the exact time of maintenance (Ibraheem, 2014) . Conducting studies on the performance decay tendency of asphalt pavement can provide a theoretical reference for determining the exact maintenance time, and also provide quantitative characterization for the typical damage of asphalt pavement in its design life. Some scholars conducted more studies on distress prediction, distress evaluation and maintenance time of asphalt pavement, which are closely related to the pavement performance (Park et al., 2014; . However, these studies mostly focus on qualitative analysis, and lack of the quantitative research on pavement performance, especially for the trends of pavement performance in design life. In China, the integrated measured data about pavement performance in its design life are relatively lacking, and the existing measured data does not have continuity, which limits the research on the performance decay tendency of asphalt pavement to a degree. This paper took a highway in Shaanxi Province as an example and focused on processing the input data in the PME system. It applied the system default value for the model correction coefficient to obtain the predicted trends of damage (rather than accurately predicted data), and it summed up the error characteristics of the predicted value compared to the measured data. Based on the error characteristics, the paper modified the predicted results of PME and studied the decay tendency of ruts on asphalt pavement using matter element analysis, providing a reference to determine the timing of asphalt pavement maintenance. In addition, the paper also provided suggestions on application methods and scope of PME in China.
METHOD

Introduction of the Pavement-ME Design
The National Cooperative Highway Research Program (NCHRP) 1-37A project, according to the observation result of 2200 LTTP test section in USA and the development of the 2002 guide for the design of new and rehabilitated pavement structures, was completed in 2004.The Mechanistic-Empirical Pavement Design Guide (MEPDG) and its latest software called Pavement-ME (PME) Design resulted from this project. PME takes into account advanced modelling concepts and pavement performance models in performing the analysis and design of pavement (NCHRP, 2004) .Three hierarchical input levels are considered in the PME software. Level 1 requires the direct measurement of the parameters, Level 2 allows the estimation of the parameters from regression equations or correlations, and Level 3 uses typical values. These levels classify the inputs based on the knowledge the designers have of each parameter. Level 1 is the most accurate and Level 3 is the least accurate. When using PME software to predict the disease of asphalt pavement, it is usually required to modify its prediction model and get a lot of accurate research data in the process. Data collection and summary of roads in the service phase in China need to be further strengthened and improved compared to that of America. Therefore, it hinders this method application in China to some extent.
Introduce of the Matter Element Analysis method
Matter element analysis method (MEA) originates from euthenics, which was proposed by Caiwen in 1983 in China (Cai, 1994) . It can be used to study and solve incompatible and contradictory problems. The Matter element analysis method combines the characteristics and value of things, and builds functional relationships between them, as shown in Eq.(1).
R=（M,C,X） （ 1） Where, R is the matter-element, M is the things (it represents rutting in this paper), C is the feature of things (rutting depth), X is the value of things about C. If M can be characterized by C 1
.X n , then M can be called an n-dimensional reality matter-element, shown in Eq.(2). Assume M with N levels (it represents rutting grade, which is based on the High Performance Assessment Standards (JTJ H20-2007)) , and the corresponding matter-element based on the value range of each level is built, as shown in Eq.(3).
,2,…,n） and X ji are the value range of evaluation grade M j about an evaluation parameter C i , which is a classical domain. Based on the characteristics and value range of M, its extensional domain can be determined, as shown in Eq.(4). In formula (4), M q is the selected road section to be evaluated and X qi =<a q1 , b qi > （ i=1,2,……..,n）is the value range of M q about C i , which is an extensional domain. Based on the characteristics and value range of the selected road section M q , the determined matter-element R 0 is analyzed as shown in Eq.(5).
When using the matter element analysis method to study the performance decay tendency of asphalt pavement, an integrated measured data period is needed. However, the integrated measured data about the performance of asphalt pavement in design life are relatively lacking in China. Combining the PME and the matter element analysis could make use of their respective advantages and solve the problem of the traditional method's lack of sufficient data. In this paper, the steps to study the rutting decay tendency based on MEA are as follows: (1) Predict the rutting development trend in design life based on PME. (2) Process the predicted data with the error characteristics and obtain the basic data for investigating the decay tendency. (3) Build the matter-element to be evaluated. (4) Consider the relative standard to determine the grading standard of rutting as "excellent", "good", "medium", "inferior", or "bad", and finally determine the classical and extensional matter elements. (5) Combine the classical and extensional matter elements, the correlation function of each calculated indicatoris as shown in Eq.(6). Where ρ(x 0 , X ji ) is the distance between point x 0 and finite real number interval X=<a,b>.Therefore, the correlation degree of the section in different years and different levels is as shown in Eq. (7). 
The range in correlation degree K j (M 0 ) is from -1 to 1.When 0≤K j (M 0 )＜1，it shows that M 0 meets the current level, and the higher the value, the greater the degree of matching. When -1＜K j (M 0 )≤0 , it indicates that M 0 does not meet the current level but has the condition going to be translated into the current level, and the higher value, the closer it is. (6) Combine the correlation degree of rutting at every level and build the decay model of the selected section about time and performance, which is K j (M)=F(t). Then the decay tendency of rutting for asphalt pavement can be obtained using this decay model. Because of the difference between China and America in the natural environment and traffic conditions, there were some error between the predicteddata by PME and the measured data, but the development trend of pavement distress predicted by PME could provide a qualitative reference for the MEA method .
PARAMETERS PROCESSING FOR PME
Traffic PME applies the vehicle classification system of the US Federal Highway Administration (FHWA), which divides vehicles into 13 grades (NCHRP, 2004) . It has some differences in the vehicle classification method currently used in China, so it is necessary to establish a new vehicle classification standard to meet the requirements of traffic parameter inputs of the PME system according to the actual situation. At present, in vehicles driving on the Shaanxi Provincial Expressway, there are three common axle types (single axle, dual axle and tri-axial) and two common wheel types (single tire and dual tire). In order to facilitate the input of traffic parameters in PME, based on the vehicle classification method of Shaanxi Province and FHWA, the paper regrouped 14 types of vehicles (including passenger cars) according to vehicle types, axle types and the number of axles, making it corresponds to the default vehicle classification of PME, as shown in Table 1 . (Papagiannakis et al., 2006) .
Climate
The climate files of the PME mainly include the temperature, windspeed, precipitation, the percentage of sunshine and the relative humidity. This study utilized the "China Meteorological Data Sharing Service System" to obtain the relevant meteorological data and make them into data files similar to the climate file of the PME (Miao and Wang, 2007) .
Materials
The selected pavement structure and the basic material parameters in this paper are as In this paper, the input of material parameters applies to Level 1. Based on the lab simulation experiments and relevant specifications, this paper carried out a dynamic modulus experiment on three layers of asphalt mixture of the selected pavement Among them, the master curve of the dynamic modulus describes the loading frequency's effect on material properties, while the time-temperature conversion factor describes the temperature's effect on it.
RESULT AND DISCUSSIONS
Error characteristics analysis
Based on the MEA method, by studying the decay tendency of asphalt pavement rutting, the paper carried out applied research on predicted results of the PME system. The study used the rutting research data of a high-grade road in Shaanxi Province from 2010 to 2014. The road was opened to traffic in 2010, and a total of 10 periods of continuous data (every six months is taken as a period) were taken. The paper used the PME system to predict developing trends in ruts, and the results are shown in Table 3 . Compared with the measured data, PME's predicted results show a "lagging" characteristic, that is, the rutting extent is not as serious in the early period of damage and the occurrence time of damage is lagged. It is because domestic and foreign road acceptance standards are different and the overloading situation of the road is serious.
Based on these differences, the paper took the following steps to optimize the predicted data: (1) Compared the predicted data column with the measured data column, and found the predicted value closest to the first measured data point in the predicted data column, and mark it as N 1 . From Table 3 , it can be seen that the third data point of the predicted data column is closest to the first data point of the measured data column. (2) Removed the data ahead of N 1 , and took N 1 as the first data point of the predicted data column. (3) Used the PME predicted value to supplement the predicted data column, keeping it the same dimension as the measured data column. Based on the above steps, the optimized predicted data column is as shown in Table 4 . Linear fit was carried out on the measured data and predicted data sets in Table 4 , and the result is shown in Figure 3 , which shows that predicted and measured data, as optimized, have a good fit. This paper only needs to predict the rutting developing trends of studied road rather than obtaining accurate predicted data. Therefore, it is feasible to take the optimized data as the basic data for the next study.
Establishment of decay model based on time and performance
This study took into consideration the types of damage in PME and the typical damage of asphalt pavement in China and selected rutting as the evaluation indicator of the decay model based on time and performance, which is the T-P decay model. The decay model can be used to quantitatively characterize each rutting level of asphalt pavement. Based on the above computational method of correlation degree, the correlation degree of measured data and PME predict data on each rutting level was calculated, respectively. For a quantitative comparison, the following build the rutting decay model of asphalt pavement of the PME predicted data and measured data based on the computed result of correlation degree, respectively. The polynomial fitting conducted by the use of Origin Pro 8.0 obtained the results for correlation degree and time. Setting correlation degree K j (M)=0 and using MATLAB to calculate the two corresponding decay time series T m (correspond to measured data) and T p (correspond to PME predict data), the difference analysis was conducted using a paired-sample T test; the results are shown in Table 5 . Table 5 , the t i is the decay time point, the result of the paired-sample T test shows P=0.314, that is, there is no obvious difference between the measured data and PME predicted data calculated by the matter-element method in the decay tendency. Therefore, it is feasible to combine the PME method with the matter-element method to study the rutting decay tendency of asphalt pavement in design life. Taking the decay time series of predicted data as an example, the rutting decay model of asphalt pavement based on the time and performanceis as Figure 4 . Figure 4 with 2010 as the base year, the rutting decay tendency of asphalt pavement in five years can be described as follows: the rutting of asphalt pavement declined from excellent to good after 13.8 months, and after 32.5 months, the rutting went from good to medium, medium to inferior after 43.8 months, and inferior to bad after 55.2 months. This study defined the average gradient S=tanθ as the decay coefficient，and the small S value indicates a slower rate of decay and the good anti-rutting performance of asphalt pavement. The decay model established in this study is applicable to the rut performance evaluation of project level pavements. In practical applications, the follow-up study can be carried out on the developing trend in pavement damage so as to better determine the maintenance time for the selected road section. 
CONCLUSIONS
(1) The rutting predicted results of PME show a "lagging" characteristic. Based on the error in the PME results, the paper took some measures to optimize the predicted data, and the results show that the optimized predicted data as the basic data for MEA method is feasible.
(2) The PME predicted data after optimization and the measured data were analyzed by the MEA method separately, and the time series of decay were calculated. The results show the rutting decay tendency for each have no obvious difference. Therefore, it is feasible to combine the MEPDG method with the matter-element method for studying the rutting decay tendency of asphalt pavement in its design life.
(3) A case study shows the anti-rutting performance of asphalt pavement declines from excellent to good after 13.8 months, good to medium after 32.5 months, medium to inferior after 43.8 months, and after 55.2 months, the performance went from inferior to bad.
(4) Using the MEA method to process the predicted results of PME, it is feasible and applicable to rut performance evaluation of project level pavements. In practical Fitting curve applications, the follow-up study can be carried out on the developing trend of pavement damage so as to better determine the maintenance time for the selected road section.
